The aim of this study was to obtain knowledge about concentrations of Staphylococcus aureus, MRSA (methicillin-resistant S. aureus), and other Staphylococcus species in indoor air in Greater Copenhagen and about factors affecting the concentrations. The effects of season, temperature, relative humidity, air change rate (ACR), other bacterial genera, area per occupant, and presence of S. aureus-positive occupants were studied. In samples from 67 living rooms, S. hominis, S. warneri, S. epidermidis, and S. capitis were found in 13-25%; S. saprophyticus, S. cohnii, and S. pasteuri in 5-10%; and S. lugdunensis, S. haemolyticus, S. caprae, S. equorum, S. kloosii, S. pettenkoferi, S. simulans, and S. xylosus in less than 3%. Staphylococcus aureus were found in two of 67 living rooms: spa type t034 (an MRSA) was recovered from a farmhouse, while spa type t509 was found in an urban home. Two species, S. equorum and S. kloosii, were found only in the farmhouse. Staphylococcus was significantly associated with season with lowest concentration and richness in winter. Genera composition was associated with ACR with smaller fractions of Staphylococcus at higher ACR, while richness was significantly and negatively associated with area per occupant. Concentration of Staphylococcus correlated positively with the total concentration of bacteria, but negatively with the total concentration of other bacteria. The concentration of Staphylococcus was not significantly associated with concentrations of the other abundant genera Bacillus, Kocuria, and Micrococcus. In offices with S. aureus-positive occupants, airborne S. aureus was not found. In conclusion, Staphylococcus species constitute a considerable proportion of the airborne bacteria in the studied homes and offices. However, both S. aureus and MRSA had very low prevalence during all seasons. Thus, transmission of S. aureus and MRSA through the air in living rooms in Copenhagen is expected to be limited. The negative associations between ACR and the fraction Staphylococcus constituted out of total bacteria, and between area per occupant and Staphylococcus richness indicate that it might be possible to affect the presence of airborne Staphylococcus in homes.
play a role in horizontal transfer of genes for antimicrobial resistance (Mkrtchyan et al., 2013; Davis et al., 2012) . The anterior nares and the throat are main reservoirs for S. aureus, and nasal carriage is the main risk factor for S. aureus infection (van Belkum et al., 2009; Wertheim et al., 2005) . People with asthma are more likely to be S. aureus-positive (Graham et al., 2006) . CoNS can also colonize the anterior nares, the skin, the oral cavity (Wos-Oxley et al., 2010) , and the throat (Fredheim et al., 2015) . Staphylococci, including S. aureus, are described to be environmentally robust with a high survival rate in dry environments such as on surfaces or materials commonly present in homes (Dietze et al., 2001; Neely and Maley, 2000; Oie and Kamiya, 1996) . This increases the risk of exposure to S. aureus re-aerosolized with dust from surfaces.
Increases in prevalence of community (Otter and French, 2010; Gupta et al., 2015) and livestock (Larsen et al., 2015) associated MRSA have in recent years resulted in focusing attention on controlling the sources. MRSA have been found as airborne bacteria in stables (Masclaux et al., 2013) , hospital rooms of MRSA-positive patients (Lai et al., 2015; Creamer et al., 2014) , and in homes (Gandara et al., 2006; Moon et al., 2014) . It is important to gain knowledge about the prevalence of airborne MRSA and other Staphylococcus species as they constitute possible transmission routes. Concentrations of total indoor airborne bacteria have in some studies been shown to be associated significantly with air change rate (ACR), (Bartlett et al., 2002; Frankel et al., 2012a) , indoor relative humidity (RH) (Bartlett et al., 2002) , and season (Frankel et al., 2012a; Adhikari et al., 2010) , while in other studies no effect of RH (Frankel et al., 2012a) and season (Lee and Jo, 2006) were found.
The presence of people in the indoor environment seems to affect the bacterial concentration and composition (Madsen et al., 2012; Qian et al., 2012; Täubel et al., 2009) , thus, to obtain knowledge about personal exposure it is important to measure while occupants are present. Exposure assessment using personal samplers, such as the GSP (Gesamtstaubprobenahme), which actively sample airborne inhalable dust, is considered to be the best measure of personal exposure (Hänninen, 2011) . However, the sampling process may interfere with the everyday life in a home, and alternatively an EDC (electrostatic dust collector), which collects airborne dust by sedimentation on a cloth, can be used (Dorado-Garcia et al., 2013; Madsen et al., 2012) . For identification of bacteria, matrix-assisted laser desorption/ionization time-offlight mass spectrometry (MALDI-TOF MS) has been shown to be a reliable method (Mkrtchyan et al., 2013) .
The aim of this study was to obtain knowledge on concentrations of S. aureus, MRSA, and CoNS in indoor air in Greater Copenhagen, and on factors associated with the concentrations. The effects of season, temperature, RH, ACR, presence of S. aureus-positive occupants, and occupant density were studied. Staphylococcus concentrations were related to concentrations of the following three genera: Bacillus, Kocuria, and Micrococcus. These genera were selected as they were dominating in terms of concentration, and they represent bacteria from different sources. Bacillus and Kocuria are expected mainly to be non-human derived, while Staphylococcus and Micrococcus are expected to be mainly human derived (Täubel et al., 2009 ).
Methods

Study design
The study is divided into five parts as described in Table 1 . In Part 1, the EDC method was tested in homes occupied or visited by MRSApositive farmers. In Part 2, Staphylococcus species in living rooms in 54 urban homes were studied, and associations with season, temperature, RH, ACR, and occupancy were studied in 24 of these homes. In Part 3, associations with season, temperature, RH, and ACR were studied in five homes. In Part 4, exposure was measured repeatedly in seven homes. Personal and stationary GSP samplers (CIS by BGI, Inc., Waltham, MA, USA) sampled simultaneously. In Part 5, exposure was studied in eight offices of confirmed S. aureus-positive occupants.
Sampling locations
Except for the farm-associated homes (Part 1), all homes and offices were in the Greater Copenhagen area, and where nothing else is mentioned, samples were collected from the living room. Home F1 was a country house with visitors from an MRSA-positive pig farm, and the sample was collected from the scullery where visitors entered the house and hung their coats. Home F2 was a farmhouse on an MRSA-positive pig and horse farm; the home had six occupants who all worked with the pigs and all brought their work clothes into the home. The homes in Part 2 were occupied mainly by retired people, while the homes in Part (Madsen et al., 2016; Madsen et al., 2012; Karottki et al., 2013; Spilak et al., 2015) All apartments In total, 54 air samples Airborne Staphylococcus in offices of confirmed S. aureus-positive workers 3 were occupied by children and working adults. In Part 4, the occupants were families requested to perform normal indoor activities during the measurements. The person equipped with the personal sampler did light house work, while the other occupants performed activities such as reading, preparing food, eating, and everyday cleaning in the living room. In Part 5, the S. aureus-positive occupants did office work during the measurements; doors and windows were closed, and there was no mechanical ventilation.
Temperature, ACR, RH, and area per occupant
Data on ACR, RH, and temperature for 24 of 54 homes in the Part 2 (Spilak et al., 2015) and for all homes in Part 3 (Frankel et al., 2012a) were obtained from previously published studies. In Part 3, the geometric mean (GM) of ACR for each home (GM = 0.43/h) was significantly associated with season and home, with the highest ACR occurring in summer (p = 0.0004). Eleven of the homes in Part 2 were in compliance with the required ACR of 0.5/h stated in the National Danish Building Code (Bygningsreglement, 2015) . In Part 3, all homes adhered to the code in the summer, but only home S5 did so in the winter. The ACR was measured using tracer-gas methods (Frankel et al., 2012a; Spilak et al., 2015) . The RH and temperature were measured using Tinytag Plus Data Loggers (Gemini Data Loggers, UK). The loggers were placed in close proximity to the samplers and set to measure once every 5 or 10 min; data for the entire sampling periods were used. In Part 3, the RH (GM = 53.5%) was affected by season (p = 0.018), but not by home (p = 0.61), with the highest RH in autumn. The temperature (GM = 22.6°C) was associated with season (p = 0.0065), but not with home (p = 0.14), with the highest temperature in summer. In Part 2, the data on area per occupant were obtained from a published study (Spilak et al., 2015) . 
Sampling and extraction of airborne dust
EDC is a passive sampling method using electrostatic cloths (ZEEMAN, Alphen, Holland), with each cloth having a surface exposure area of 0.0209 m 2 (19 × 11 cm) for dust sedimentation; the EDC method has previously been used for sampling airborne MRSA in homes over a period of 14 days (Van Cleef et al., 2011) . The EDCs were placed on an open surface at 1.2-1.5 m above floor level, allowing dust to settle for 1 month (for samples taken from 30 of the 54 homes in Part 2, and the 5 × 4 samples in Part 3), for 12-16 days (for samples from the two homes in Part 1, and the remaining 24 homes in Part 2). A GSP is an active sampler used to sample airborne, inhalable dust; GSP samplers have previously been used for sampling airborne MRSA for durations of 6-10 h (Gilbert et al., 2012) . The GSPs were mounted with polycarbonate filters (37 mm, pore size 1.0 µm; GE Water and Process Technologies, CO, USA) and were suspended from a tripod at a fixed height of 1.5 m above floor level (Parts 3 and 4). In Part 4, GSPs were also used as personal samplers; a sampler was attached to the chest of one person in each home during each visit. Aerosols were aspirated at an airflow of 3.5 lpm, and airflow was verified every 1-2 h during sampling. In Part 4, the average sampling time was 5 h. In Part 5, the sampling time was reduced to 1 h, as sampling time might affect the survival rate of bacteria (Wang et al., 2001) .
Extraction of dust from EDCs was carried out no later than 18 h post sample retrieval, and extraction of dust from GSP-filters no later than 1 h post sampling. Dust from EDC cloths and GSP filters was extracted according to our previous studies (Frankel et al., 2012b) . Each EDC cloth was placed individually in a 50 ml tube with 20.0 ml of a suspension of pyrogen-free water containing 0.85% NaCl and 0.05% Tween 80. The polycarbonate filters from the GSPs were extracted in 5.0 ml of the same solution by orbital shaking (500 rpm) for 15 min at room temperature. The suspensions were used for quantification and identification of bacteria.
Exhaled breath condensate (EBC)
EBC was taken from the eight S. aureus-positive office workers (volunteers from NRCWE) in the same weeks as the air samples were taken in their offices. An impaction and condensing method was used (Xu et al., 2012) : For EBC collection, sterile water was added into the collection base of the device and placed at − 70°C to form a layer of ice. A sterile, hydrophobic parafilm (Parafilm, Pechiney Plastic Packaging, Menasha, WI 54952) was placed on the ice surface. A sterile straw was inserted through the exhaled breath inlet 2 mm above the parafilm. During normal breathing, an average of 42 µl EBC were collected per min; this volume is in accordance with a published study (Xu et al., 2012) . The occupants exhaled by mouth through the exhaled breath inlet toward the parafilm for 4 min. Exhaled breath condensed into liquid droplets on the surface. An amount of 10 µl extraction solution was pipetted onto the parafilm; a pipette was drawn over the entire surface, and droplets were scavenged into the water droplet. Then they were transferred to plates with a Staphylococcus selective medium, SaSelect agar plates (SA) (Bio-RAD, Marnes-la-Coquette, France). A sample collected without the exhaled breath was used as the negative control.
Quantification of bacteria
Mesophilic bacteria were quantified by culturing dust suspensions (Part 1-4: 300 µl for GSP-samples and 400 µl for EDC-samples; Part 5: 5 ml) on 100% nutrient agar (NA) plates. All colonies on NA were counted. Colonies were identified after 2, 3, 4, and 7 days' incubation at 25°C. In a pilot study, 30 samples (from Part 2) were cultured on SA plates, and incubated at 37°C for 24 h. Amounts of 120-250 µl EBC were plated on SA and incubated at 37°C for 24 h.
Staphylococcus species on NA and SA were identified using MALDI-TOF MS and quantified, and Staphylococcus species per sample (species richness) were determined. Species richness was only studied for Staphylococcus, so in the following richness is with regard to Staphylococcus species only. The numbers of Bacillus, Kocuria, and Micrococcus colonies on NA plates were counted after identification. The detection limits depend on the sampling time and the amount plated and can be found in Table 1 .
Identification of bacteria using MALDI-TOF MS
All bacterial colonies on the agar plates were identified using the MALDI-TOF MS Biotyper System (Bruker Daltonics, Bremen, Germany). Bacterial isolates were prepared using the extended direct transfer method according to manufacturer's recommendations: A small amount of bacterial colony was smeared onto the MALDI-TOF MS target plate (MSP 96 target polished steel BC; Bruker Daltonics) and 1 µl of 70% formic acid was added afterwards. The mixture was allowed to dry at room temperature before being overlaid with 1 µl of HCCA matrix solution (α-cyano-4-hydroxycinnamic acid; Bruker Daltonics). Bacterial isolates that failed to give a positive identification using the extended direct transfer were subsequently extracted using the ethanol extraction method . A Microflex LT mass spectrometer (Bruker Daltonics) was used for the analysis, and spectra were analyzed using Bruker Biotyper 3.1 software with the BDAL standard library. Extractions and MALDI-TOF analyses were repeated up to four times in attempts to obtain positive identifications of isolates. A bacterial test standard (Bruker Daltonics) was used to calibrate the instrument.
Identification and molecular characterization of MRSA isolates
The S. aureus isolates identified by MALDI-TOF MS were further investigated for susceptibility to methicillin by culturing on Brilliance™ MRSA 2 agar (Oxoid, UK) plates. Then, an in-house multiplex PCR assay was used to detect spa (encoding staphylococcal protein A), mecA (conferring methicillin resistant), mecA LGA251 (mecC/mecA homologue), scn (encoding staphylococcal complement inhibitor protein), lukF-PV (encoding Panton-Valentine Leucocidin), and sau1-hsdS1 (responsible for the restriction modification specificity of lineage CC398) genes. The primers used in this study are listed in Table S1 . Presumptive positive MRSA colonies from MRSA agar plates were streaked onto 5% blood agar (SSI Diagnostica, Denmark) plates and grown at 35°C for 18 h. DNA from two 10 µl loopfuls of freshly grown colonies was extracted using the rapid boiling method (Skow et al., 2005) . One microliter of DNA was used in a 13 µl volume of PCR reaction containing 10 µl 1× Qiagen Multiplex PCR Master Mix (Qiagen, Germany) and 2 µM of each primer. Amplifications were performed using the following program: Initial denaturation at 94°C for 15 min, followed by 25 cycles of 30 s at 94°C, 60 s at 59°C, and 60 s at 72°C, and a final extension at 72°C for 10 min. The PCR products were visualized by electrophoresis in precast 0.8% agarose gel (Invitrogen E-Gel®). The region X of the protein A gene of the S. aureus isolates were sequenced and were subjected to spa typing using the Ridom Staph Type standard protocol (http://www. ridom.com) and the Ridom SpaServer (http://spa.ridom.de/index. shtml).
Antimicrobial sensitivity testing
The S. aureus isolate that was not confirmed as methicillin-resistant based on the presence of mecA or mecC genes was further subjected to antimicrobial sensitivity testing for a range of antibiotics, comprising ceftaroline, ceftobiprole, clindamycin, daptomycin, erythromycin, gentamicin, linezolid, mupirocin, penicillin, rifampicin, tetracycline, trimethoprim/sulfamethoxazole, and vancomycin, by the broth microdilution method using commercial standard susceptibility MIC Plate (Sensititre, TREK Diagnostics Systems, Cleveland, OH, USA). Results were interpreted based on the EUCAST Clinical breakpoints (EUCAST 2016; http://www.eucast.org).
Treatment of data
For EDC samples, concentrations (CFU = colony forming units) per m 2 per sampling day were calculated; for GSP samples, time-weighted averages were calculated and expressed as CFU/m 3 . Furthermore, fractions of species or genera were calculated as % of the total bacteria concentration. EBC data are expressed as CFU/ml and as CFU/m 3 exhaled air with the assumption of an exhalation of 12 l/min. GM values of concentrations and richness were calculated. SAS 9.4 was used for statistical analysis. All concentrations were log transformed to obtain normal distribution. The species richness on respectively NA and SA plates were compared using pairwise comparison. The fractions (%) of Staphylococcus were compared for 12-16 sampling days versus 30 day in GLM (general linear model) (Part 2). For homes in Part 3, the concentrations of the four genera (Staphylococcus, Bacillus, Kocuria, and Micrococcus), and species richness as affected by season, ACR, RH, and temperature were compared using Generalized Poisson MIXED procedure GLIMMIX with adjustments for home and sampling method as random effects. For 24 of the 54 homes in Part 2, the concentrations of the four genera and the species richness as affected by season, ACR, RH, temperature, and area per occupant were compared using Generalized Poisson MIXED procedure GLIMMIX. The fraction each genus constituted out of the total bacteria (%) as affected by season, ACR, RH, and temperature were compared using MIXED procedure COVTEST with adjustments for home and sampling method as random effects. Pearson's correlations were calculated between concentrations of the four genera and between concentrations of Staphylococcus species.
Results
Part 1: Airborne bacteria in a farm-related and a country home
The GM concentration of bacteria was 1.2 × 10 4 CFU/m 2 /day. Staphylococcus constituted 15% of the total concentration of bacteria. S. aureus was found in a concentration of 158 CFU/m 2 /day in home F2 (Table 2) ; the strain contained the spa gene, belonged to spa type t034, contained the mecA and sau1-hsdS1 genes, and was confirmed to be MRSA CC398. It did not contain scn or PVL genes.
Part 2: Airborne bacteria from 54 homes
Species richness on NA versus SA plates did not differ significantly a Concentration in positive EDC samples; no range when the species was found only in one sample. b * The species is found only in one or two homes in the whole study. c The % the genus or species constitutes of the total bacterial concentration. CFU = colony forming units. EDC = electrostatic dust collector.
A.M. Madsen et al. Environmental Research 160 (2018) 282-291 (p = 0.25, n = 30), and following only NA was used. (Spilak et al., 2015) were measured. When the associations between these factors and bacteria were analyzed together in one model, the Staphylococcus concentration tended to be associated with the temperature (estimate = 13.3, p = 0.053), but not with RH, ACR, area per occupant, or season (p > 0.05; measurements done in winter and spring). Staphylococcus richness was associated with the temperature (estimate = 39.7, p = 0.031) and area per occupant (estimate = − 2.60, p = 0.035), but not with the other factors. Also, the concentration of Kocuria was associated with the area per occupant (estimate = − 4.04, p = 0.014). Other associations were not significant (data not shown). (Table 3) . The S. aureus strain contained the spa gene; it belonged to spa type t509, and contained neither the mecA nor the mecC (mecA LGA251 ) genes, and was therefore not MRSA. It also did not contain the scn or PVL genes related to community-associated MRSA. The isolate was intermediately resistant to rifampicin (0.25 mg/L), but sensitive to all other antibiotics tested.
The Staphylococcus richness was not associated with ACR, temperature, or RH (p > 0.05), but it was higher in spring (estimate = 2.04, p = 0.018), and summer (estimate = 2.41, p = 0.031) than in winter. When all data were studied together in one model, the Staphylococcus concentration was positively associated with spring, summer, and autumn, while Kocuria and Micrococcus were negatively associated with summer (Table 4) .
When all data were studied together in one model, summer was positively associated with the Staphylococcus fraction, and negatively with the Kocuria fraction. If the factor 'season' was removed from the model, temperature was positively and significantly associated with the Staphylococcus fraction, and negatively with the Kocuria fraction. The fractions of Staphylococcus were negatively associated with the ACR (Table 5) .
Part 4: Personal samplers
To get closer to the potential sources of S. aureus, personal samplers were used in addition to stationary samplers. In total, eight different Staphylococcus species were found, but no S. aureus (Table 3 ). The species, S. epidermidis, constituted the largest species fraction of the Staphylococcus genus.
Associations between genera, species, and season in Parts 1-4
Of the 134 home samples from Parts 1-4, the species S. hominis, S. warneri, S. epidermidis, and S. capitis, were found in 13-25%; S. saprophyticus, S. cohnii, and S. pasteuri in 5-10%; and S. lugdunensis, S. haemolyticus, S. caprae, S. equorum, S. kloosii, S. pettenkoferi, S. simulans, and S. xylosus in less than 3%. Staphylococcus constituted 17% (GM = 2.6%) of all bacteria colonies, Bacillus 7.9% (GM = 0.80%), Kocuria 11% (GM = 1.5%), and Micrococcus 38% (GM = 13.8%); together these four Gram-positive genera constituted 75% (GM = 66%) of the total bacteria.
When concentrations of the four genera, all bacteria, and season were studied together in one model, Staphylococcus, Bacillus, Kocuria, and Micrococcus were positively associated with the total concentration of bacteria and negatively associated with the total concentrations of bacteria other than themselves (Table 6 ). Concentrations of the different genera were not significantly associated with each other. However, Pearson's correlation between concentrations of the four genera was significant for Kocuria versus Micrococcus (r = 0.27, p = 0.0019), but not between the other genera. Concentrations of Staphylococcus and Bacillus, and, in the stepwise regression, also Kocuria were significantly associated with season. Staphylococcus and Bacillus had their highest concentrations in the summer and autumn (Table 6 ).
When analyzed one by one, the concentrations of the seven most common Staphylococcus species were significantly associated with the total concentrations of Staphylococcus, but not with the total concentrations of other genera; examples are given for S. warneri and S. hominis in Table 6 . Staphylococcus pasteuri was associated with the autumn season (estimate = 1.94, p = 0.017).
Pearson's correlations between concentrations of the seven most common Staphylococcus species showed significant correlations between S. capitis and S. warneri (r = 0.20, p = 0.020); S. capitis and S. epidermidis (r = 0.17, p = 0.049); and S. epidermidis and S. saprophyticus (r = 0.18, p = 0.036). Staphylococcus richness was not affected significantly by season (p = 0.47).
Part 5: Staphylococcus in offices of Staphylococcus-positive occupants
Concentrations of bacteria in offices with presence of S. aureus-positive occupants were measured during 1 h with closed doors. Airborne S. aureus was not found, but six other Staphylococcus species were found (Table 7) . Of the eight S. aureus-positive occupants, two exhaled S. aureus (210 and 410 CFU/ml EBC ≈ 740 and 1435 CFU/m 3 exhaled air). In a closed office space of 24 m 3 with no air change or sedimentation of S. aureus, the exhalation by those two workers would cause concentrations of 22 and 43 CFU/m 3 office air, respectively.
Discussion
In this study, S. aureus was found in airborne dust in 2 of 133 air samples from living rooms. Staphylococcus aureus was not found in air samples from eight offices with confirmed S. aureus-positive occupants. The S. aureus isolate from the farmhouse was confirmed as MRSA CC398 belonging to spa type t034. The clonal lineage CC398 is typically isolated from pigs (de Neeling et al., 2007; Kock et al., 2009; Cuny et al., 2010) , but it has also been found in humans with no livestock exposure (Witte et al., 2007; Larsen et al., 2015) . This lineage has caused a public health challenge in countries with intensive livestock production (Larsen et al., 2015) . One of the six occupants in the farmhouse was MRSA-positive and the rest were MRSA-negative (pers. comm.). The S. aureus found in an urban home belonged to spa type t509; this spa type has previously been isolated from human nares (Amorim et al., 2007; Tenover et al., 2012) . No S. aureus was found in the samples taken from other points in time. In general, it is known that about 20% of individuals are persistent carriers of S. aureus, and 60% are intermittent carriers (Kluytmans et al., 1997) . Therefore, the low prevalence of airborne S. aureus and MRSA is surprising.
Contrary to our results, a high prevalence of airborne MRSA or multi-resistant S. aureus has been found in homes in other countries. In a study in Korean homes, S. aureus was found in 100% of indoor air samples from living rooms ranging from 4 to 140 CFU/m 3 , and 66% of homes were positive for MRSA ranging from 2 to 80 CFU/m 3 (Moon et al., 2014) . In a study performed in Texas in the United States, S. A.M. Madsen et al. Environmental Research 160 (2018) 282-291 Table 3 Geometric mean concentrations of airborne bacteria in positive GSP and (EDC) samples in five homes during the four seasons (Part 3), and in personal and stationary GSP samples from repeated measurements in the spring in seven homes (Part 4) 175 (213) 100 (169) 59 ( (749) 57 (624) 439 (259) 261 ( For number of samples, see Table 1. 2)
The % the concentration of the genus or species constitutes out of the total bacterial concentration found in Part 3 GSP or (EDC) samples across seasons, and in Part 4 personal or stationary GSP samples.
3)
The species is found only in one sample.
4)
The GM concentration of all bacteria -numbers followed by the same letter are not significantly different -the four seasons are compared using the MIXED procedure, COVTEST. CFU = colony forming units; EDC = electrostatic dust collector; GSP = Gesamtstaubprobenahme, an aerosol sampler; Nm = not measured, GM = geometric mean value.
A.M. Madsen et al. Environmental Research 160 (2018) 282-291 aureus was found in all the 24 investigated homes with an average of 15.4 CFU/m 3 and an average resistance of 54.6% to ampicillin and 60.5% to penicillin (Gandara et al., 2006) . In another study in the United States, the median concentrations of S. aureus in samples taken from bedrooms and trash areas were 165 and 205 CFU/m 3 , respectively (Perez et al., 2011) . In Poland, airborne S. aureus was found in 47% of 17 homes (Pastuszka et al., 2000) . None of these four studies, which detected the presence of S. aureus or MRSA, used enrichment to support growth of S. aureus. Similarly, did we not use enrichment cultures in this study; this was avoided to be able to obtain knowledge of concentrations.
The concentrations of airborne Staphylococcus in the Copenhagen living rooms and offices included in this study were lower than the levels found in 60 homes in Poland (medians between 166 and 270 cfu/ m 3 ) (Gorny et al., 1999) , and the Staphylococcus fraction (average = 12%) was smaller than found in four public buildings in Korea (16-58%) (Kim and Kim, 2007) , in 17 homes in Poland ( > 45%) (Pastuszka et al., 2000) , 25 homes in South Korea (49-61%) (Moon et al., 2014) , and in three offices in Italy (44%) (Bonetta et al., 2010) . Thus, Staphylococcus seems to constitute rather different concentrations or fractions of the airborne bacteria in the studies performed in different countries. This might be due to differences in occupancy or amount of body covered by clothes, and the factors showing associations with Staphylococcus concentration, fraction, or richness in the present study. This study was based on 166 measurements in 75 homes or offices, and to get further knowledge on potential regional differences larger studies are necessary.
In this study, the Staphylococcus richness was associated significantly with the area per occupant. Other studies have shown significant associations between area per occupant or numbers of occupants and concentration of bacteria (Spilak et al., 2015) or Staphylococcus (Bartlett et al., 2004) . As humans and human activities are sources of indoor bacteria (Täubel et al., 2009) , and since it is relevant to acquire knowledge about exposure of people working with housework, we also used personal samplers in this study. However, the personal GSP samples confirmed low or no presence of airborne S. Table 5 Estimates (β-coefficients) of the factors associated with the fractions, the four genera constitute out of the total number of bacteria. In the heatmap, negative associations are colored blue, and positive associations are red. 1) Numbers in bold are statistically significant; the MIXED procedure, COVTEST, with all factors in one model, was applied.
2) Relative to winter. ACR=air change rate; RH=relative humidity. aureus. We do not know how many of the occupants with personal samplers were S. aureus-positive, and it is relevant to repeat the study with confirmed S. aureus-positive occupants. The concentration of Staphylococcus was positively associated with the seasons summer, autumn, and spring. This tendency has also been seen in indoor studies in Turkey and South Korea (Moon et al., 2014; Aydogdu et al., 2010) , and may partly be related to the facts that people cover their body with more clothing in the winter, and they sweat in the summer. In line with this, when season was taken out of the statistical model, the fraction of Staphylococcus was positively associated with indoor temperature. This is in accordance with a temperature association found in Korea (Moon et al., 2014) , and of interest as S. aureus soft tissue infections seem to be associated with warm-weather months (Leekha et al., 2012) . The negative association between ACR and the Staphylococcus fraction indicates that it is possible to reduce the Staphylococcus level by increasing the ACR. On the other hand, high ACR and high Staphylococcus concentrations were both found in the summer -indicating that the high ACR in summer was not enough to reduce the summer level to the winter level. Micrococcus is like Staphylococcus associated with the human skin (Kloos and Musselwhite, 1975) , but the concentration of Micrococcus did not show a seasonality; this may be because it can have multiple sources, such as soil, dust (Fox et al., 2010) , airways, and human skin (Kloos and Musselwhite, 1975) . The Kocuria concentration was negatively associated with ACR and temperature when each factor was studied separately, however when all factors were studied together in one model, the Kocuria concentration was only associated with the season winter.
The concentrations of the four genera were not significantly associated with the RH. In studies in schools (Bartlett et al., 2002) , some homes (Moon et al., 2014) , but not in other homes (Frankel et al., 2012a; Gorny et al., 1999) , concentrations of mesophilic bacteria were positively associated with RH.
The negative associations between the concentrations of each genus and the total concentrations of bacteria other than themselves indicate that the concentrations of each genus are unaffected or affected oppositely by the same factor. This is in accordance with the different associations between the factors seasons, ACR, and temperature, and the concentrations or fractions of the four genera. However, concentrations of Kocuria and Micrococcus correlated significantly -and were both negatively associated with the season summer.
Airborne Staphylococcus species were present in most samples and constituted 16 different species. CoNS are known as being nosocomial human pathogens, especially when assisting factors such as indwelling or implanted foreign bodies and/or immunosuppression are present (Rogers et al., 2009) . Airborne bacteria are of special interest because they cannot be controlled solely by e.g. good hand or surface hygiene. The most common infective species of the CoNS, S. epidermidis followed by S. hominis, S. haemolyticus, and S. capitis (Becker et al., 2014) , are among the species found frequently in this study. CoNS may also play a role as reservoirs of genes for antimicrobial resistance (Otto, 2013; Mkrtchyan et al., 2013) , and they are considered capable of horizontal transfer of genes (Davis et al., 2012) . The presence of CoNS and S. aureus on particles capable of entering the airways is of relevance as they can cause pneumonia (Schaberg et al., 1991) , but also because the nose and throat are described as important human reservoirs for S. aureus (Wertheim et al., 2005) and CoNS (Fredheim et al., 2015; WosOxley et al., 2010) .
Staphylococcus hominis, followed by S. warneri, S. capitis, S. epidermidis, and S. saprophyticus, were the Staphylococcus species found in a Concentration in positive samples; no range when the species was found only in one sample. b The % the genus or species constitutes out of the total bacterial concentration. c The species is found only in 1 sample in the whole study. GSP = Gesamtstaubprobenahme.
A.M. Madsen et al. Environmental Research 160 (2018) 282-291 most living rooms, and S. hominis, followed by S. epidermidis, were found in most offices. These species are common on the head, arms, and legs, while S. aureus is mainly present in the nares and on the head (Kloos and Musselwhite, 1975) . The colonization of the surface of the human body with S. epidermidis, S. warneri, and S. haemolyticus as the most prevalent species is initiated within the first weeks of life (Becker et al., 2014) . Thus, the Staphylococcus species composition in homes and offices indicates that human shedding might be a more effective route for aerosolizing bacteria in the indoor environment compared with the airways. The Staphylococcus species composition found using MALDI-TOF MS on samples from Danish homes was different from what has been found in homes in Poland (Pastuszka et al., 2000) . In Polish homes, a high presence of S. aureus and presence of animal related species (S. chromogenes, S. lentus, S. sciuri) were found. In the farmhouse, we found the species, S. equorum and S. kloosii, which have previously been found on skin of horses (Schnellmann et al., 2006) , and they may have been transported from the farm into the house. In a future study, it will be relevant to study whether animal ownership and work with animals affect the indoor level and composition of Staphylococcus species. Previous studies have shown associations between endotoxin in floor dust and dog ownership (Thorne et al., 2005) . The studied samples were dominated by Gram-positive bacteria; the four studied genera, which were all Gram-positive, constituted 75% and 70% of the bacteria in the home and office samples, respectively. This is in accordance with studies in homes using both culture-independent (Täubel et al., 2009 ) and culture-dependent (Gorny et al., 1999) methods.
Conclusions
The concentration of airborne S. aureus in the studied homes in Greater Copenhagen was very low, and the concentration of airborne MRSA was below the detection limit. This seems unrelated to the studied seasons as all four seasons showed a low incidence of S. aureus. Based on a smaller dataset, the risk of exposure to airborne S. aureus and MRSA during work activities in living rooms and offices seems also to be low. However, airborne MRSA was found in a farm-related home.
Contrary to S. aureus, CoNS were found in most samples. In the studied homes, the concentrations and fractions of Staphylococcus, Bacillus, and Kocuria, but not Micrococcus, were associated with different seasons. The lowest concentrations, fractions, and richness of Staphylococcus were found in winter. The fraction of airborne bacteria belonging to Staphylococcus was associated negatively with ACR. Concentrations of Staphylococcus correlated positively with the total bacterial concentration, but negatively with the concentration of other bacteria. For the studied homes, the fraction of bacteria belonging to Staphylococcus was smaller than found in the indoor environment in published studies.
